Objective-To investigate the relation between atrophy of the hippocampus and parahippocampal gyrus (the % hippocampal area) and cerebral metabolic rate for glucose (CMRGlc) in Alzheimer's disease. Methods-13 patients with probable Alzheimer's disease by NINCDS-ADRDA criteria (six men; seven women, mean age 71 years, mini mental state 13*8 (SD 4.6)) and age matched controls were studied. Ti weighted MRI (05T) images were used for evaluation of the hippocampal area. With a digitiser system, a percentage of the hippocampal area to the brain (the % hippocampal area) was calculated. Eight patients received another Ti weighted MRI (1.ST) for further evaluation of the minimum thickness of the hippocampus. Regional CMRGlc (rCMRGlc) was measured using PET and the FDG technique. Results-The hippocampal area in patients with Alzheimer's disease was significantly lower than that of controls (P < 0.01). All the cortical rCMRGlc values in patients with Alzheimer's disease were lower than those of controls (P < 0.01). A significant correlation (P < 0.05) was found between the % hippocampal area and rCMRGlc in the temporal lobe, temporoparieto-occipital (TPO) region, and frontal lobe in Alzheimer's disease. There was a significant correlation between minimal hippocampal thickness and ipsilateral TPO metabolism on both sides. Conclusion-The ipsilateral correlation between hippocampal atrophy and decreased TPO metabolism in Alzheimer's disease suggests a functional relation and the asymmetries show that Alzheimer's disease is an asymmetric disease in its early stages.
and age matched controls were studied. Ti weighted MRI (05T) images were used for evaluation of the hippocampal area. With a digitiser system, a percentage of the hippocampal area to the brain (the % hippocampal area) was calculated. Eight patients received another Ti weighted MRI (1.ST) for further evaluation of the minimum thickness of the hippocampus. Regional CMRGlc (rCMRGlc) was measured using PET and the FDG technique. Results-The hippocampal area in patients with Alzheimer's disease was significantly lower than that of controls (P < 0.01). All the cortical rCMRGlc values in patients with Alzheimer's disease were lower than those of controls (P < 0.01). A significant correlation (P < 0.05) was found between the % hippocampal area and rCMRGlc in the temporal lobe, temporoparieto-occipital (TPO) region, and frontal lobe in Alzheimer's disease. There was a significant correlation between minimal hippocampal thickness and ipsilateral TPO Table 1 gives the clinical characteristics of the patients with Alzheimer's disease. This study was approved by the medical ethics committee of the Cyclotron Radioisotope Center at Tohoku University, and informed consent was received from all the subjects and their families.
MAGNETIC RESONANCE IMAGING
The MRI was carried out with a 0 5 T MRVectra (GE-YMS, Japan). TI weighted images (TR/TE 300/15) were used for evaluation of atrophy of the hippocampus and parahippocampal gyrus, which we defined as the % hippocampal area. The hippocampus was identified by the sagittal slices, then a semiaxial slice parallel to the hippocampus was Figure 1 MRI measurement of the hippocampal area and the temporal lobe. A sagittal slice through the midpoint of the eye is obtained, and a slice parallel to the hippocampus is scanned; then planes perpendicular to the plane parallel to the hippocampus are obtained (the semicoronal planes). The Tl weighted images of this slice are input into the computer system which enlarged them about twofold, and using a digitiser system, the hippocampus and the parahippocampal gyrus (the hippocampal area) is traced manually. Similarly, the temporal area is measured using the same plane. The percentage of the hippocampal area to the brain area (the % hippocampal area) and the temporal area to the brain area (the % temporal lobe) are calculated. scanned. Finally, planes perpendicular to the semiaxial planes were obtained (the semicoronal planes).
The Ti weighted image of the semicoronal plane which had the largest area of the hippocampus was transferred to a computer system which enlarged the image about twofold, and the hippocampal area was traced manually using a digitiser system. Figure 1 shows this process. Similarly, the temporal area was measured from the same semicoronal plane. Using routine orbitomeatal axial planes +30, +50, and +70 mm, the brain area and the area of the skull cavity were also evaluated.
The percentage of the hippocampal area to the brain area (the hippocampal area), the temporal area to the brain area (the temporal area), and the brain area to the skull cavity (the brain area) were calculated. The measurements were performed by two neuroradiologists who did not know the PET findings: each neuroradiologist made two measurements and the average values of the four measurements were used. The average values of the bilateral hippocampal area and the % temporal area were calculated and used for analysis as it was difficult to show a left-right difference with this system. The within and between reader reproducibility of all the MRI variables were calculated as follows: 1 -(value 1 -value 2) / (value 1 + value 2) / 2
For the within reader reproducibility, values 1 and 2 were assessed by two radiologists. For the between reader reproducibility, values 1 and 2 were assessed by the same radiologist. Both reproducibilities were better than 095.
An axial Ti weighted MRI parallel to the orbitomeatal line was examined at the same head position as in the PET study to obtain accurate overlaps (described below), and an axial T2 weighted (TRITE 2000/100) MRI was performed to exclude infarctions.
Additional MRI To show left-right differences, eight patients in the Alzheimer's disease group received another TI weighted MRI (1S5T, Magnetom, Siemens, FRG) for further evaluation of the hippocampus as the digitiser system of 0-5T MRI could not detect small differences. Using a new semiaxial plane, the minimum thickness of the hippocampus was measured and divided by the brain width of the same plane 7.
POSITRON EMISSION TOMOGRAPHY
A PET study was performed with a model PT-931 scanner (CTI Inc, USA: axial/transaxial resolutions; 8 mm), according to the FDG method.2324 A short cannula was placed in a radial artery for blood sampling. Each subject was positioned in the scanner, with the orbitomeatal line parallel to the detector rings according to the brain slices by MRI. A cross of light was projected on to marks on the subject's head from three dimensions, and the heads were set at the standard points of 30 and 77 mm above and parallel to the orbitomeatal line. All studies were conducted in a quiet, semidarkened room. The subjects' eyes were open and their ears were not plugged. 
Additional analysis
For the eight patients with Alzheimer's disease who received a 1-5T MRI, a x2 test was used to detect a relation between the hippocampal asymmetry and the CMRGlc asymmetry in all ROIs measured.
Results
The mean hippocampal areas of the normal group and the Alzheimer's disease group were 5-5 (SD 0-8)% and 3 4 (SD 1-4)% respectively (t test, P < 0-01). The brain area and the temporal area of the patients with Alzheimer's disease were also significantly lower than those of the normal (data not shown). Table 2 shows the rCMRGlc values of the two groups. All the rCMRGlc values except for that of the white matter of the Alzheimer's disease group were lower than those of the normal group (ttest, P < 0-01).
The correlation between the brain area and the mean cortical CMRGlc of the Alzheimer's disease group was not significant; nor were the temporal area and the mean cortical CMRGlc. Figure 2 shows the correlation between the hippocampal area and the mean cortical CMRGlc of the Alzheimer's disease group; a significant correlation was found (P < 0 05, Pearson). Figure 3 shows the relation between the hippocampal area and the rCMRGlc in the Alzheimer's disease group. The rCMRGlc values of the temporal lobe, the TPO region, and the frontal lobe were significantly correlated (p < 0 05, Pearson). For the rCMRGlc ratio to that of the mean cortical CMRGlc (rCMRGlc/CMRGlc), that of the TPO region was significantly correlated with the hippocampal area (Spearman rank correlation). There was no correlation with the other ROIs, such as the frontal lobe. 
